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Ab stract

Ob jec tive (as part of the NAHMS Equine ‘98 study): De scribe the oc cur rence of equine pro to zoal mye loen -
cepha li tis (EPM) in the U.S.  Char ac ter ize horses re ported to have EPM with re gard to clini cal signs, meth ods 
of di ag no sis and treat ment, cost of treat ment and lost use, and clini cal out come.  Char ac ter ize operation- level
risk fac tors as so ci ated with the like li hood of iden ti fy ing EPM on equine op era tions in the United States.

De sign: Population- based cross- sectional sur vey.

Sam ple Popu la tion: Strati fied ran dom sam ple of equine op era tions in 28 states with at least three resi dent
horses on Janu ary 1, 1998, rep re sent ing 51.6 per cent of op era tions with horses and 83.9 per cent of horses in
those 28 states.

Pro ce dure: Ques tion naires were ad min is tered on- site to op era tors by Veteri nary Medi cal Offi cers or Ani mal
Health Tech ni cians.  Analy ses of data were weighted to ac count for study de sign, sam pling frac tion, and non-
 response to ob tain ap pro pri ate population- based vari ance es ti mates. 

Re sults: Over all, 59.8 per cent of own ers/op era tors in ter viewed had never heard of equine pro to zoal mye loen -
cepha li tis or EPM, and only 9.5 per cent con sid ered them selves knowl edge able about this dis ease.  EPM was
re ported to have oc curred on 1.0 per cent of op era tions in the year prior to the study and on 3.3 per cent of op -
era tions at any point in the op era tion’s his tory.  The in ci dence of EPM was es ti mated in the year prior to the
study to be 14 new cases per 10,000 horses per year.  The ma jor ity of op era tions where EPM was re ported
had only iden ti fied a sin gle case at any time dur ing their his tory.  While this study was based on owner/op era -
tor re ports of dis ease, 95.0 per cent of cases rec og nized dur ing the year prior this study were di ag nosed by a
vet eri nar ian.  Onset of dis ease was  re ported  most com monly to oc cur dur ing the sum mer or fall.  The most
com mon signs re ported in cases oc cur ring dur ing the pre vi ous year were ataxia, limb weak ness, lame ness,
and mus cle at ro phy. The most com mon meth ods used to di ag no sis EPM in these horses were rec og ni tion of
clini cal signs, se rol ogy, and CSF analy sis.  Among the last cases rec og nized on op era tions for which du ra tion
of ill ness was at least 3 months, 39.7 per cent were re ported to re cover completely, 37.4 per cent im proved but
did not com pletely re cover, 14.4 per cent were sold or given away be cause they had EPM, and 7.1 per cent died 
or were eutha na tized be cause of EPM.  For those EPM cases that com pletely re cov ered, re lapsed fol low ing
im prove ment, and showed no im prove ment af ter at least 3 months du ra tion, the av er age number of days of
lost use was 244 days.  For those EPM cases that died be cause of EPM, an es ti mated 9.2 years of use were
lost.  Ex clud ing cases that were less than 3 months in du ra tion, the geo met ric mean cost to op era tions for di -
ag nos tic test ing, vet eri nary care, and medi ca tions pro vided for the last di ag nosed case of EPM was $790. 

Im pli ca tions: EPM was re ported to oc cur rarely in this study popu la tion, de spite the use of owner re ports to
meas ure dis ease oc cur rence.  Vet eri nari ans were al most al ways em ployed in the di ag no sis of this dis ease for
cases occur ring in the pre vi ous year.  De spite its rare oc cur rence, this dis ease is a very se ri ous health prob lem
in af fected horses and only about 40 per cent of af fected horses were re ported to have re cov ered com pletely.  
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In tro duc tion

What is Equine Protozoal Myeloencephalitis?

Equine pro to zoal mye loen cepha li tis (EPM) is a se ri ous and of ten fa tal neu ro logic dis ease of equids.1-6  Ani -
mals af fected by EPM can dem on strate a va ri ety of clini cal ab nor mali ties, and signs can vary tre men dously in 
se ver ity.  Clas si cally, horses with EPM de velop a va ri ety of asym met ric neu ro logic defi cits in clud ing gait ab -
nor mali ties, ataxia, weak ness, and fo cal mus cle wast ing.4-6  How ever, sym met ric neu ro logic ab nor mali ties
are also seen fre quently.  The dis ease may be fo cal or mul ti fo cal in na ture and may be mani fested less fre -
quently as a head tilt, fa cial pa raly sis, sei zures, or even ap par ent be hav ioral changes.4-6  Horses of all ages
can be af fected, but horses are usu ally at least 6 months old when first di ag nosed with EPM.

Sar co cys tis neu rona is the para site thought to be the prin ci pal causa tive agent of EPM.1,4,5  Re cent work sug -
gests that Neo spora caninum and/or Neo spora hugh esi in fec tions can also cause neu ro logic dis ease that is
clini cally in dis tin guish able from that caused by S. neu rona.7-10  How ever, S. neu rona in fec tions are ap par -
ently a much more fre quent cause of EPM.  The life cy cle of S. neu rona is com plex and is not fully
un der stood.6  Horses are con sid ered an ab er rant host for these para sites.  The de fini tive hosts of S. neu rona
are  be lieved to be mem bers of the opos sum fam ily (Didel phis vir gini ana in North Amer ica and other mem -
bers of the Didel phi dae fam ily in Cen tral and South Amer ica).11  The natu ral range of opos sum spe cies
cor re sponds well with ar eas where EPM is com monly iden ti fied.  EPM has been rec og nized in horses on
other con ti nents, but to date only in horses that origi nated from North Amer ica, Cen tral Amer ica, and South
Amer ica.  A re cent ex peri men tal study showed that the do mes tic cat can serve as an in ter me di ate host, but the 
natu ral in te rme di ate hosts for S. neu rona re main un known.6,12 

Why is EPM important?

EPM is a grow ing prob lem for the horse in dus try in the U.S.  This dis ease has been di ag nosed with in creas ing 
fre quency by vet eri nari ans through out the U.S. dur ing the past dec ade since com mer cial tests to de tect S. neu -
rona in fec tion be came avail able.  Treat ment of EPM is quite ex pen sive, and both mildly or se verely af fected
horses of ten re quire treat ment for ex tended pe ri ods.4-6  De spite ag gres sive treat ment, horses with EPM can be  
af fected so se verely that they must be eutha na tized, or they can de velop per ma nent prob lems which af fect
their abil ity to be used for ath letic ac tivi ties.  

Gath er ing in for ma tion about this dis ease was iden ti fied by the equine in dus try as one of the high est pri ori ties
for the NAHMS Equine ‘98 study.13  This dis ease syn drome was de scribed ini tially about 35 years ago, and
sub stan tial ef fort has been made dur ing the past dec ade to im prove our un der stand ing of EPM.  How ever,
many ques tions re main un an swered about the oc cur rence of EPM and its im pact on the U.S. horse in dus try.
To date there have been no na tion wide es ti mates re gard ing the in ci dence of EPM in the U.S.  In ad di tion,
there have not been ob jec tive fre quency es ti mates re gard ing the meth ods of di ag no sis, treat ments em ployed,
cost of treat ment and lost use, or the out come for horses di ag nosed with EPM. Fur ther in for ma tion re gard ing
the risk fac tors for de vel op ing EPM was also needed.

How is EPM Diagnosed?

Mak ing a de fini tive di ag no sis of EPM in the live horse is chal leng ing.4-6  Cur rently, there are no uni ver sally
ac cepted meth ods for mak ing a de fini tive di ag no sis.  It is im por tant to understand that EPM, the dis ease, is
dif fer ent from documented ex po sure to S. neu rona, the or gan ism that causes the dis ease.  A pre sump tive di ag -
no sis of EPM can be made in some horses if they show neu ro logic signs that would not likely be caused by
other dis eases, such as cer vi cal ver te bral mal for ma tion or her pes vi rus mye li tis.  In many other horses, how -
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ever, these clini cal signs could be caused by one or more other dis eases.  Many vet eri nari ans make a
pre sump tive di ag no sis of EPM if S. neu rona or an ti bod ies to the para site can be de tected in cere bro spi nal
fluid (CSF) col lected from horses with neu ro logic ab nor mali ties, as sum ing that the CSF was not con tami -
nated by blood dur ing col lec tion or be cause the blood- brain bar rier has been in jured.4-6  Recent studies
sug gest that some nor mal horses can have an ti bod ies to S. neu rona in CSF.14-17  Horses might also be as -
sumed to have EPM if they re spond fa vora bly to treat ments that are be lieved to kill the para sites caus ing this
dis ease.  A de fini tive di ag no sis of EPM can be es tab lished af ter horses die by ex am in ing tis sues of the brain
and spi nal cord us ing spe cial tech niques.18,19  But even ne cropsy tests can miss an in fected ani mal due to the
small number of or gan ism re quired to cause dis ease.

Some of the meth ods used to iden tify ex po sure de fini tively to S. neu rona in clude de tec tion of spe cific an ti -
bod ies (us ing the immunoblot or di rect ag gu ti na tion as says),2,6,20-22  de tec tion of DNA from the or gan isms
(us ing po lymerase chain re ac tion as say),6,11,23,24 or iden ti fi ca tion of or gan isms in tis sues (us ing cul ture or
im mu no di ag nos tic tech niques).1,6,18  The most com mon method used to iden tify horses spe cifi cally that have
been in fected is the im munoblot as say.  This di ag nos tic test be came avail able com mer cially in 1992 and since 
then has been used widely in the U.S. to de tect an ti bod ies to S. neu rona in se rum and in CSF.  Iden ti fi ca tion
of S. neu rona-sp ecific an ti bod ies in se rum in di cates that the ani mal has been ex posed pre vi ously to S. neu -
rona.  Re sults of se ro preva lence stud ies in di cate that in some re gions (Cali for nia, Colo rado, Flor ida,
Ken tucky, Mis souri, Michi gan, Ohio, Ore gon, and Penn syl va nia), ap proxi mately 30-60 per cent of horses
tested were ex posed pre vi ously  to S. neu rona.25-31   Not all ex posed horses de velop the dis ease EPM, but
hos pi tal based stud ies sug gest that ex po sure can be docu mented more fre quently in groups of EPM horses
com pared to clini cally nor mal horses.15,25,28,32,33  

How is EPM Treated?

Sev eral treat ments have been used in horses di ag nosed with EPM, and oth ers are  be ing in ves ti gated cur -
rently.  Responses of horses with EPM treated at a few re fer ral vet eri nary hos pi tals have been re ported, but
re sults of ob jec tive ef fi cacy stud ies have not been pub lished to date.  A ma jor em pha sis of treat ment is the
elimi na tion of the para sites from neu ro logic tis sues.  The treat ment that has been re ported to be used most of -
ten is a com bi na tion of an ti bi otic/an ti para sitic drugs (a sul phona mide and py ri meth amine).4-6  An other
an ti mi cro bial drug that has been used in fre quently is oxytetra cy cline.  New drugs that are be ing in ves ti gated
to de ter mine their ef fi cacy for elimi nat ing the causa tive agent in clude di clazu ril, tol tra zuil, and ni ta zox -
amide.34-43 Anti- inflammatory drugs (e.g., phen yl bu ta zone and flu nixin me glu mine) and nu tri tional feed ad -
di tives (e.g., vi ta mins such as fo lic acid and vi ta min E) have been used as ad junct sup por tive treat ments in
horses with EPM.4-6  Acu punc ture has also been used in an ef fort to di ag nose and treat horses with EPM.44

Can EPM Be Prevented?

Many as pects of the life cy cle of S. neu rona or the patho gene sis of EPM re main unknown.  For ex am ple, lit tle 
is known about the in cu ba tion pe riod be tween ex po sure and the mani fes ta tion of clini cal dis ease, why some
ex posed horses de velop dis ease while oth ers do not, or even how the para site in fects the cen tral nerv ous sys -
tem.  It is likely that some horses are more sus cep ti ble to dis ease, but very few stud ies have ex am ined fac tors
af fect ing sus cep ti bil ity of dif fer ent horses.15,32,33  It is also likely that en vi ron mental or man age ment fac tors
(stress, diet, etc.) af fect the oc cur rence of dis ease.16   How ever, very few stud ies have ex am ined these fac tors. 
Be cause the sporo cysts of S. neu rona are passed in the fe ces of the opos sum, it is likely that in fec tive oo cysts
are in tro duced into the feed and wa ter sup ply of horses and in ter me di ate hosts.4,6  It is not known how the
para site be haves within a horse’s body af ter it is ingested ex cept that it moves ul ti mately to the cen tral nerv -
ous sys tem in some horses. 
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While it is likely that man age ment con di tions af fect the like li hood of ex po sure to the causa tive agents and oc -
cur rence of clini cal EPM, at the pres ent time there is lim ited in for ma tion about meas ures that are ef fec tive in
pre vent ing ex po sure to S. neu rona or the oc cur rence of clini cal dis ease.  Some authori ties have pro posed that
pre vent ing ac cess of opos sums to hay, grain, pas ture, and wa ter sources may de crease the risk of ex po sure and 
dis ease.5,45  How ever, it is not clear that elimi nat ing di rect exposure of horses to wild opos sums will elimi -
nate com pletely the risk of dis ease be cause horses may be ex posed to the para site through other sources such
as con tami nated feed.16 
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Methodology

The Na tional Ani mal Health Moni tor ing Sys tem’s (NAHMS) Equine ’98 Study was de signed to pro vide both
par tici pants and those af fili ated with the equine in dus try with in for ma tion on the na tion’s equine popu la tion
for edu ca tion and re search. NAHMS is spon sored by the USDA:APHIS:Vet eri nary Serv ices (VS).

NAHMS de vel oped study ob jec tives by ex plor ing ex ist ing data sources and con tact ing in dus try mem bers
about their in for ma tional needs and pri ori ties. The ob jec tives are listed in side the back cover of this re port. 

The US DA’s Na tional Ag ri cul tural Sta tis tics Serv ice
(NASS) col labo rated with VS to se lect a statistically-
 valid sam ple such that in fer ences can be made to all
places with equids (do mes tic horses, minia ture horses, 
po nies, don keys/bur ros, mules) and to all equids in the 
28 states.  The ini tial sam ple in cluded 2,904 par tici -
pat ing op era tions from 28 states for Equine ‘98 (see
map, above right). The 28- state tar get popu la tion rep -
re sented 78.2 per cent of U.S. horses and po nies and
78.0 per cent of farms with horses and po nies.

Parts I and II: Base line Ref er ence of 1998 Equine
Health and Man age ment were the first in a se ries of
re leases docu ment ing Equine ‘98 Study re sults.
NASS enu mera tors col lected on- farm data from the
2,904 equine op era tions for these two ini tial re ports
via a ques tion naire ad min is tered from March 16, 1998, through April 10, 1998.  Data from the 133 par tici pat -
ing race tracks were only in cluded in Part I, Ta bles I.A.1.a through c. 

The sec ond phase of data col lec tion was done by Fed eral and state Vet eri nary Medi cal Of fi cers (VMO’s) and
Ani mal Health Tech ni cians (AHT’s) in the 28 states.  Data were col lected on- site for Part III: Man age ment
and Health of Horses in the U.S., 1998, from April 20 through June 12, 1998, from 1,178 par tici pat ing op era -
tions that had three or more horses pres ent on Janu ary 1, 1998.  Horses at race tracks were ex cluded from this
phase of the study.  This 28- state tar get popu la tion with three or more horses pres ent on Janu ary 1, 1998, was
es ti mated to rep re sent (based on NAHMS’ pro jec tion):

• 51.6 per cent of op era tions with horses on Janu ary 1, 1998, in the 28 states.

• 83.9 per cent of horses on Janu ary 1, 1998, in the 28 states.

VMO’s and AHT’s also col lected data for Part IV: Ref er ence of Health Man age ment for Horses and High -
lighted Dis eases, 1998, in the same 28 states.  Data were col lected on-site from June 15 through Sep tem ber
11, 1998, from 1,136 par tici pat ing op era tions with three or more horses pres ent on Janu ary 1, 1998, ex cept
where noted.  

Prepa ra tion for Equine ‘98 be gan with an ef fort to re view ex ist ing sources of in for ma tion for moni tor ing
equine health.  A Cata log of Op por tu ni ties for Equine Health Moni tor ing was com piled and dis trib uted in
June 1995.  Sec ond, a needs as sess ment was un der taken to iden tify in dus try in for ma tional needs.  Fo cus
groups with in dus try rep re sen ta tives, re search ers, and State and Fed eral ani mal health of fi cials con trib uted in -
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put, and in ad di tion, web site and 1- 800 tele phone call- in sur veys were con ducted from Janu ary 1 through
March 15, 1997.  

This col lec tive feed back formed the ba sis for de vel op ment of the Equine ’98 study ob jec tives shown on the
in side back cover of this re port. 

Base line health and man age ment ques tion naire phases

A goal for all NAHMS na tional stud ies is to in clude states that ac count for at least 70 per cent of the ani mal
and pro ducer/owner popu la tions in the U.S. The most re cent data avail able on which to base the se lec tion of
states to be in cluded in Equine ’98 Study was the 1992 Cen sus of Ag ri cul ture data for horses and po nies.  

States which met a mini mum con tri bu tion to the U.S. to tal for number of horses and po nies and number of
farms re port ing horses or po nies were in cluded in the study.  Iowa and Idaho were ex cluded from the study
due to ex pected re source con flicts with a then pro posed NAHMS cat tle on feed study.  An ad di tional seven
states were in cluded: Geor gia, Mary land and New Jer sey due to a high level of state equine in dus try in ter est;
Ala bama, Lou isi ana, New Mex ico, and Wyo ming to im prove geo graphi cal rep re sen ta tion.

A com bi na tion of NASS Area and List data sets, which pro vided es ti mates for the NASS Janu ary 1, 1998, in -
ven tory for all states in the U.S., formed the ba sis for se lect ing the sam ple for the Equine ’98 study from the
28 tar get states.  The Equine ’98 sam ple se lec tion is a sub- sample of the NASS Fall 1997 Area Sur vey and
Janu ary 1998 Equine Sur vey re spon dents that re ported one or more equids on hand on Janu ary 1, 1998.  The
sub- sampling was done within size groups based on to tal number of equids for list and area sepa rately.  Dis tri -
bu tion of the sam ple to in di vid ual states was based pri mar ily on the U.S. 1992 Cen sus size in di ca tor
(pre vi ously dis cussed).  

NASS enu mera tors ini tially contacted 4,311 op era tions from March 16 through April 10, 1998.  The NAHMS
Equine ’98 baseline question naire was adminis tered at each op era tion to col lect health and man agement in for -
ma tion.  At the con clu sion of the first inter view, par tici pants who had three or more horses pres ent on Janu ary 
1, 1998, were asked to parti ci pate in the next phase of the study.

Par tici pants who agreed to par tici pate in the sec ond phase of the study were con tacted by Fed eral and state
VMO’s and AHT’s.  The NAHMS Equine ‘98 VS phase ini tial ques tion naire was ad min is tered dur ing this
sec ond visit.  In ad di tion to gen eral man age ment ques tions, more in- depth in for ma tion was sought on a va ri -
ety of top ics in clud ing para sites, vac ci na tions, lame ness and equine pro to zoal mye loen cepha li tis.

The in verse of the prob abil ity of se lec tion was used as the ini tial in put weight and then ad justed for par tici pa -
tion dur ing the vari ous phases of se lec tion and non- response.

Terms Used in This Re port

Av er age: The sum of all val ues di vided by the number of val ues in cor po rated into the sum.  The av er age is a
meas ure of cen ter of the ob served data.

EPM: Equine pro to zoal mye loen cepha li tis, a se ri ous neu ro logic con di tion of horses.  For the pur pose of the
NAHMS Equine ‘98 study, horses were con sid ered to have EPM when ever the owner/op era tor be lieved they
de vel oped any prob lems at trib uted to this con di tion while resi dent on the op era tion.  Horses were con sid ered
to have a new oc cur rence of EPM if they were ap par ently nor mal prior to on set, even if they were thought
pre vi ously to have had EPM.
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Geo met ric mean: An al ter na tive meas ure of the av er age calcu lated as the nth root of the prod uct of the ob ser -
va tions.

Horse: For this study, a do mes tic horse that was at least 14 hands tall at the with ers when full grown.

In ci dence:  The number of new cases be lieved to be EPM di vided by the number of horses at risk of de vel op -
ing the dis ease dur ing a speci fied time pe riod.

Me dian: The mid dle value in a set of num bers that are ar ranged in nu meri cal or der.

Op era tion: An area of land man aged as a unit by an in di vid ual, part ner ship, or hired man ager.

Op era tion av er age: A sin gle value for each op era tion is summed over all op era tions re port ing di vided by the 
number of op era tions re port ing.

Per cent horses: The to tal number of horses with a cer tain at trib ute di vided by the to tal number of horses on
all op era tions (or all op era tions within a cer tain cate gory such as size or re gion) mul ti plied by 100.

Per cent op era tions:  The to tal number of op era tions with a cer tain at trib ute di vided by the to tal number of
op era tions mul ti plied by 100.

P- value:  The prob abil ity of ob serv ing a value at least as ex treme as the one ob served given the data.  All p-
 values were de ter mined us ing weighted Chi- square or weighted lin ear re gres sion where ap pro pri ate. 

Popu la tion es ti mates: Av er ages and pro por tions weighted to rep re sent the
popu la tion. For this re port, the ref er ence popu la tion was all equine op era tions
with three or more horses on Janu ary 1, 1998, in the 28 se lected states.  Es ti -
mates in this re port are pro vided with a meas ure of pre ci sion called the
stan dard er ror. A con fi dence in ter val can be cre ated with bounds equal to the
es ti mate plus or mi nus two stan dard er rors.  If the only er ror is sam pling er ror, 
then con fi dence in ter vals cre ated in this man ner will con tain the true popu la -
tion av er age 95 out of 100 times.  In the ex am ple at right, an es ti mate of 7.5
with a stan dard er ror of 1.0 re sults in a range of 5.5 to 9.5 (two times the stan -
dard er ror above and be low the es ti mate). The sec ond es ti mate of 3.4 shows a
stan dard er ror of 0.3 and re sults in a range of 2.8 and 4.0.  Al ter na tively, the
90 per cent con fi dence in ter val would be cre ated by mul ti ply ing the stan dard
er ror by 1.65 in stead of two.  Most es ti mates in this re port are rounded to the
near est tenth.  If rounded to 0, the stan dard er ror was re ported as (0.0).  If
there were no re ports of the event, no stan dard er ror was re ported (--).

Quar tile: Di vide the popu la tion into four equal groups.  Twenty- five per cent
will have a value of less than the 25th quar tile.  The 50th per cen tile is the
mid dle value of the popu la tion.

Re gions:
- West ern: Cali for nia, Colo rado, Mon tana, New Mex ico, Ore gon, Wash ing ton, and Wyo ming.
- North east: New Jer sey, New York, Ohio, and Penn syl va nia.
- South ern: Ala bama, Flor ida, Geor gia, Ken tucky, Lou isi ana, Mary land, Okla homa, Ten nes see, Texas, and
Vir ginia.
- Cen tral: Il li nois, In di ana, Kan sas, Michi gan, Min ne sota, Mis souri, and Wis con sin.
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Resi dent horse: A horse that spent or was ex pected to spend more time at the op era tion than at any other op -
era tion.  The op era tion was its home base.

Sam ple pro file: In for ma tion that de scribes char ac ter is tics of the op era tions from which Equine ‘98 data were
col lected.

Sar co cys tis neu rona: The para site thought to most com monly cause EPM.  It is im por tant to re al ize that not
all horses in fected with this para site de velop EPM.

Signs of dis ease: Physi cal changes or symp toms ex hib ited by horses that are be lieved to be at trib ut able to
EPM.

Size of op era tion: Size group ings based on number of resi dent horses at the time of the ini tial VMO in ter -
view (April 20 - June 12, 1998).  Size of op era tion was cate go rized as 1-5, 6-19, and 20 or more horses at the
time of the in ter view.  Al though op era tions were re quired to have three or more horses or foals on Janu ary 1,
1998, to qual ify for this (sec ond) phase of the study, the horse popu la tion on the op era tion could have de -
creased to one horse or foal at the time of the in ter view. 

Stock ing den sity: Maxi mum number of horses per acre that was turned out at any one time in any one unit
(e.g., pad dock, pas ture) dur ing the sum mer of 1997.

Equine ‘98 8 USDA:APHIS:VS

Methodology



Sec tion I: Popu la tion Es ti mates

A. Fa mili ar ity with EPM

1.  Re gion

Among all operations, 59.8 percent of own ers/op era tors had never heard of equine protozoal
myeloencephalitis or EPM at the time of the interview, 16.9 percent recognized the name but not much
else, 13.8 percent knew some basics about the disease, and 9.5 percent considered themselves
knowledgeable about EPM.  There ap peared to be dif fer ences in knowl edge of EPM be tween the
West ern or South ern re gions com pared to the North east re gion, but there was no over all de tect able
difference in familiarity with EPM among different regions (P = 0.07).  

a.  Per cent of op era tions by fa mili ar ity with the term EPM and re gion:

Per cent Op era tions by Region

South ern North east West ern Cen tral All Op era tions

Owner/Op era tor
Level of Fa mili ar ity Percent

Stan dard
Er ror Percent

Stan dard
Er ror Percent

Stan dard
Er ror Percent

Stan dard
Er ror Percent

Stan dard
Er ror

Never heard of it
before

62.0  (4.6) 49.0  (9.2) 67.3  (5.2) 52.9  (6.3) 59.8  (2.9)

Recognized the
name, not much else

20.3  (4.0) 9.0  (3.8) 17.6  (3.7) 15.0  (4.3) 16.9  (2.1)

Knew some basics 12.0  (3.1) 19.4  (6.0) 11.1  (3.2) 16.9  (4.0) 13.8  (1.9)

Knowledgeable     5.7  (2.4)   22.6  (8.2)     4.0  (1.6)   15.2  (4.2)     9.5  (1.8)

Total 100.0 100.0 100.0 100.0 100.0
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2.  Size of op era tion

There was a de tect able dif fer ence in fa mili ar ity with EPM among op era tions by the number of resi dent
horses pres ent at the time of the in ter view (P <0.001).  Fa mili ar ity of own ers/op era tors with EPM
in creased as the number of resi dent horses in creased; the pro por tion of op era tions with some knowl edge
of EPM in creased from 30.3 per cent among those with one to five resi dent horses or foals to 68.7 per cent 
among op era tions with 20 or more resi dent horses.  

a.  Per cent of op era tions by fa mili ar ity with the term EPM and size of op era tion:

Per cent Op era tions by Size of Op era tion (Num ber Resi dent Horses and Foals)

1-5 6-19 20 or More

Owner/Op era tor
Level of Fa mili ar ity Percent

Stan dard
Er ror Percent

Stan dard
Er ror Percent

Stan dard
Er ror

Never heard of it
before

69.7  (3.8) 49.5  (4.6) 31.3  (6.6)

Recognized the
name, not much else

13.9  (2.5) 20.9  (3.9) 21.7  (6.8)

Knew some basics 10.8  (2.5) 14.4  (2.9) 33.6  (6.8)

Knowledgeable     5.6  (1.9)   15.2  (3.9)    13.4  (4.0)

Total 100.0 100.0 100.0

3.  Pri mary use of resi dent horses

There was a de tect able dif fer ence in fa mili ar ity among op era tions by the pri mary use of resi dent horses
(P <0.001).  Own ers/op era tors on operations where resi dent horses were used pri mar ily for farm ing or
ranch ing had by far the least fa mil iarity with this dis ease; 77.1 per cent had never heard of the con di tion
and only 1.8 per cent knew some ba sics or con sid ered them selves knowl edge able about EPM.
Own ers/op era tors on op era tions where horses were used pri mar ily for breed ing were the most fa mil iar
with EPM; 22.0 per cent con sid ered them selves knowl edge able and 32.0 per cent re ported that they at
least knew some ba sic in for ma tion about EPM.

a.  Per cent of op era tions by fa mili ar ity with the term EPM and pri mary use of resi dent horses:

Per cent Op era tions by Pri mary Use of Resi dent Horses

Pleasure

Show ing/
Com pe ti tion 
(Not Bet ting) Breeding Racing Farm/Ranch Other

Owner/Op era tor
Level of Fa mili ar ity Percent

Stan dard
Er ror Percent

Stan dard
Er ror Percent

Stan dard 
Er ror Percent

Stan dard
Er ror Percent

Stan dard 
Error Percent

Stan dard
Error

Never heard of it
before

65.1  (4.2) 48.3 (6.8) 35.8  (6.9) 52.2 (17.0) 77.1 (5.4) 32.1 (20.8)

Recognized the
name, not much else

16.5  (3.1) 23.0 (6.3) 10.2 (3.2) 0.7  (0.5) 21.1 (5.2) 42.8 (26.7)

Knew some basics 11.8  (2.3) 11.5  (3.9) 32.0  (6.9) 36.5 (16.3) 1.0 (0.9) 21.1 (17.0)

Knowledgeable    6.6  (2.0)  17.2  (6.0)   22.0  (6.8)   10.6  (8.4)    0.8 (0.7)    4.0 (2.5)

Total 100.0 100.0 100.0 100.0 100.0 100.0
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Note: If own ers/op era tors re sponded that they had never heard of EPM be fore the in ter view (59.8 percent), no
other ques tions were asked re gard ing this dis ease (see Ta ble I.A.1).

B.  General Characteristics of EPM on Operations

1.  Vet eri nary di ag no sis of EPM

Among EPM cases reported by owners/operators to have developed EPM during the previous year
(March 1, 1997, through Feb ru ary 28, 1998),  95.0 per cent were di ag nosed by a vet eri nar ian.  There was
no de tect able dif fer ence in the pro por tion of EPM cases that were di ag nosed re port edly by a vet eri nar ian
in the last year among op era tions in the dif fer ent re gions (P = 0.34). This finding suggests that dis ease
re ported in this study was based generally on veterinarians’ diagnoses, de spite being reported by
owners/op era tors.  It should be noted that this in for ma tion re fers only to cases occurring in the past year,
and does not refer to all EPM cases ever diagnosed on operations.

a. For resident horses exhibiting signs during the last year (March 1, 1997, through February 28, 1998)
believed to be EPM, percent of horses that were diagnosed with EPM by a veterinarian by region:

Per cent Resi dent Horses by Region

South ern North east West ern Cen tral All Horses

Percent
Stan dard

Er ror Percent
Stan dard 

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard 

Er ror

79.1  (12.7) 93.0 (3.9) 99.5  (0.6) 97.7  (2.1) 95.0 (3.1)
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2. Re gion

Over all, 1.0 per cent of op era tions re ported that at least one resi dent horse de vel oped EPM dur ing the
pre vi ous year (March 1, 1997, through Feb ru ary 28, 1998), and 3.3 per cent of op era tions had at least one
resi dent horse de velop EPM at any time while the op era tion was in ex is tence.  Re gional dif fer ences were
de tected in the oc cur rence of EPM on op era tions dur ing the pre vi ous year (P = 0.05) and at any time
dur ing the op era tions’ ex is tence (P = 0.02).  These re gional dif fer ences in the like li hood of rec og niz ing
EPM on op era tions ap pear to have changed over time.  Dur ing the pre vi ous year, op era tions in the
Cen tral re gion were most likely to re port at least one oc cur rence of EPM (2.9 per cent).  How ever,
re gard ing the oc cur rence of EPM at any time dur ing an op era tion’s ex is tence, op era tions in the North east
re gion were most likely to re port at least one case (7.7 per cent), fol lowed by the Cen tral re gion (5.2
per cent).  These re gional patterns may have been af fected by dif fer ences in de tec tion ef forts among
re gions over time.

a.  Percent of operations that reported any resident horse with problems believed to be EPM by time period
and by region:

Per cent Operations by Region

South ern North east West ern Cen tral All Operations

Time Period Percent
Stan dard

Er ror Percent
Stan dard 

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard 

Er ror

Ever 1.8  (0.7) 7.7 (4.0) 1.6  (0.9) 5.2  (2.3) 3.3 (0.8)

March 1, 1997 -
February 28, 1998

0.4  (0.1) 0.3  (0.1) 0.8  (0.6) 2.9  (2.0) 1.0  (0.5)
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The annual in ci dence of EPM es ti mated among horses 6 months of age or older on op era tions
rep re sented by the study popu la tion was 14 new cases per 10,000 horses per year (SE=6 cases per 10,000 
horses per year).  Dif ferences in the an nual in ci dence of EPM were not de tect able among op era tions from 
dif fer ent re gions (P = 0.53).  

b.  Percent of horses 6 months of age or older that developed problems believed to be EPM from March 1,
1997, through February 28, 1998, by region:

Per cent Horses by Region

South ern North east West ern Cen tral All Horses

Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror

0.06  (0.02) 0.07 (0.02) 0.12  (0.08) 0.43  (0.29) 0.14 (0.06)

3. Size of op era tion

A greater pro por tion of op era tions with 20 or more resi dent horses rec og nized at least one EPM case
com pared to op era tions with fewer resi dent horses re gard less of the time pe riod be ing ex am ined. 

a.  Percent of operations that reported any resident horse with problems believed to be EPM by time period
and by size of operation:

Per cent Operations by Size of Op era tion 
(Num ber Resi dent Horses and Foals)

1-5 6-19 20 or More All Operations

Time Period Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror

Ever 2.0  (1.1) 3.4  (1.2) 12.5  (3.4) 3.3 (0.8)

March 1, 1997 -
Feb ru ary 28, 1998

0.7 (0.7) 0.7 (0.6) 4.7 (2.2) 1.0  (0.5)

While op era tions with a larger number of resi dent horses were more likely to rec og nize at least one EPM
case dur ing the pre vi ous year (Ta ble I.B.3.a.), dif fer ences in an nual in ci dence of EPM were not
de tect able among op era tions with vary ing num bers of resi dent horses (P = 0.58).

b.  Percent of horses 6 months of age or older that developed problems believed to be EPM from March 1,
1997, through February 28, 1998, by size of operation:

Per cent Horses by Size of Op era tion 
(Num ber Resi dent Horses and Foals)

1-5 6-19 20 or More All Horses

Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror

0.19  (0.19) 0.09  (0.07) 0.20  (0.08) 0.14  (0.06)
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4.  Pri mary use of resi dent horses

There were detectable differences in the occurrence of EPM, dur ing the pre vi ous year as well as any time
dur ing the op era tion’s ex is tence, among op era tions based on the cate gory of the pri mary use of horses (P
<0.001).  Operations where resident horses were used primarily for farm and ranch purposes had the
lowest reported occurrence of EPM regardless of the time period being examined.  The ap par ent
dif fer ences seen among op era tions where horses had dif fer ent pri mary uses may be at trib ut able to
dif fer ences in the like li hood of ex po sure to S. neurona and dif fer ences in rigor of moni tor ing for EPM.

a. Percent of operations that reported any resident horse with problems believed to be EPM by time period
and by primary use of resident horses:

Per cent Op era tions by Pri mary Use of Resi dent Horses

Pleasure

Show ing/
Com pe ti tion 
(Not Bet ting) Breeding Racing Farm/Ranch Other

Time Period Percent
Stan dard 

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard 

Er ror Percent
Stan dard 

Error Percent
Stan dard 

Error

Ever 2.1  (1.0) 4.1  (2.7) 9.7  (3.4) 6.0  (3.9) 0.1  (0.1) 2.9  (1.9)

March 1, 1997 -
Feb ru ary 28, 1998

0.4  (0.3) 3.5  (2.7) 1.7  (1.4) 2.2  (1.3) 0.1  (0.1) 1.1  (0.7)

There were de tect able dif fer ences in the an nual in ci dence of owner/operator- reported EPM  occurrence
during the previous year (March 1, 1997, through Feb ru ary 28, 1998) among op era tions, based on the
cate gory of pri mary use of resi dent horses (P = 0.04).  Op era tions where resi dent horses were used for
pleas ure or for farm ing/ranch ing had the low est an nual in ci dence (6 cases per 10,000 horses per year and
1 case per 10,000 horses per year, re spec tively).  These rates were sig nifi cantly lower than the annual
in ci dence on op era tions where horses were used pri mar ily for rac ing (38 cases per 10,000 horse per year,
P =0.05).  While the es ti mated annual incidence of EPM was highest among operations where horses
were used principally for showing or competition (not racing; 51 cases per 10,000 horses per year), there
was marked variability in the an nual incidence of EPM on this type of operation.  These es ti mates may
have re flected vari abil ity in de tec tion ef forts re lated to use of horses on the op era tions. 

b.  Percent of horses 6 months or older that developed problems believed to be EPM from March 1,
1997, through February 28, 1998, by primary use of resident horses:

Per cent Horses by Pri mary Use of Re si dent Horses

Pleasure

Show ing/ 
Com pe ti tion
(Not Bet ting) Breeding Racing Farm/Ranch Other All Horses

Percent
Stand.
Er ror Percent

Stand.
Er ror Percent

Stand.
Er ror Percent

Stand.
Er ror Percent

Stand.
Er ror Percent

Stand.
Er ror Percent

Stand.
Er ror

0.06  (0.05) 0.51  (0.39) 0.17  (0.12) 0.38  (0.16) 0.01 (0.01) 0.17 (0.12) 0.14 (0.06)
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5.  Av er age number of cases of EPM per operation

Among op era tions where EPM had ever been rec og nized among resi dent horses, an av er age of 1.7 EPM
cases per op era tion were re ported.  There was not a de tect able dif fer ence in the av er age number of cases
among op era tions ac cord ing to the fa mili ar ity with EPM (ex clud ing op era tions where the owner/op era tor
had no prior knowl edge of EPM) (P = 0.14).

a.  For operations that had ever had any resident horse that developed problems believed to be EPM,
average number of cases ever on the operation by familiarity: 

Owner/Op era tor
Level of Familiarity

Av er age
Number

Stan dard
Er ror

Recognized the name, not much else 1.1  (0.1)

Knew some basics 1.7  (0.4)

Knowledgeable 1.8  (0.5)

All operations 1.7  (0.3)

For op era tions that re ported the oc cur rence of EPM at any time while the op era tion was in ex is tence, 77.0 
per cent re ported rec og niz ing only one case.

For op era tions that re ported the oc cur rence of EPM dur ing the pre vi ous year, only one case was re ported
to have oc curred on 96.0 per cent of op era tions.

b.  For operations that had ever had EPM, percent of operations by total number of EPM cases and by time
period:

Per cent Op era tions by To tal Num ber of EPM Cases

1 2 3 4 or More

Time Period Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror

Ever 77.0  (9.6) 8.0  (5.2) 9.9  (8.1) 5.1 (3.4)

March 1, 1997 -
Feb ru ary 28, 1998

96.0 (2.3) 2.2 (1.6) 0.8 (0.5) 1.0  (0.6)
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Among op era tions where EPM had been rec og nized among resi dent horses at any time while the
op era tion was in ex is tence, there was not a de tect able dif fer ence in the av er age number of cases ever
rec og nized among op era tions in the dif fer ent re gions (P = 0.35; Ta ble B.5.b.i.) or among op era tions with
dif fer ent num bers of resi dent horses (P = 0.86; Ta ble I.B.5.b.ii).

i.  For operations that ever had any resident horse develop problems believed to be EPM, average
number of cases ever recognized by region:

Av er age Num ber Cases by Region

South ern North east West ern Cen tral All Operations

Average
Stan dard

Er ror Average
Stan dard

Er ror Average
Stan dard

Er ror Average
Stan dard

Er ror Average
Stan dard

Er ror

1.4  (0.2) 2.6 (1.0) 1.2  (0.1) 1.3  (0.2) 1.7 (0.3)

ii.  For operations that ever had any resident horse develop problems believed to be EPM, average
number of cases ever recognized by size of operation:

Av er age Num ber Cases by Size of Op era tion 
(Num ber Resi dent Horses and Foals)

1-5 6-19 20 or More All Operations

Average
Stan dard

Er ror Average
Stan dard

Er ror Average
Stan dard

Er ror Average
Stan dard

Er ror

1.5  (0.5) 2.0  (0.8) 1.7  (0.3) 1.7  (0.3)
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For Sec tion C, the own ers/op era tors were asked to pro vide in for ma tion about horses that de vel oped signs of
EPM dur ing the pre vi ous year (March 1, 1997, through Feb ru ary 28, 1998).

The following data refer to 0.14 per cent of horses 6 months or older in the study population that de vel oped
signs of EPM in the last year (cases).  All information was reported by owners/operators and not veterinarians.
However, 95.0 percent of EPM cases reported to have developed during the previous year (March 1, 1997,
through Feb ru ary 28, 1998) were diagnosed by a veterinarian (see Ta ble I.B.1.a).

C.  EPM Cases that De vel oped from 3/1/97-2/28/98

1.  Season of on set

Onset of disease was most likely to occur in the summer and fall among EPM cases recognized during
the previous year (82.0 per cent).  This pat tern was also ob served in the last case of EPM (Ta ble I.D.1.a).

a. For resident horses with problems believed to be EPM, percent of cases by season of onset:

Last Year
(March 1, 1997, through 

February 28, 1998)

Time
Per cent
Cases

Stan dard
Er ror

Spring (March - May) 13.9  (6.6)

Summer (June - August) 40.8  (22.9)

Fall (September - November) 41.2  (20.3)

Winter (December - February)     4.1  (2.1)

Total 100.0

Among all oc cur rences of EPM that were reported to ever have  been identified on op era tions, 19.2
per cent were re ported to have oc curred dur ing the pre vi ous year, al though this var ied by re gion.  Cases
that were re ported dur ing the pre vi ous year rep re sented only 2.7 per cent of the to tal cases re ported in the
North east ern re gion.  In con trast, EPM cases re ported dur ing the pre vi ous year in the West ern and
Cen tral re gions rep re sented about 44 per cent of cases re port edly ever rec og nized.  While there were
de tect able dif fer ences be tween re gions, dif fer ences should be in ter preted cau tiously since the as so ci ated
stan dard er rors are rela tively large.

b.  Among all EPM cases ever recognized, percent of cases that occurred between March 1, 1997, through
February 28, 1998, by region:

Per cent Cases by Re gion

South ern North east West ern Cen tral All Horses

Percent
Stan dard

Er ror Percent
Stan dard 

Er ror Percent
Stan dard

Er ror Percent
Stan dard

Er ror Percent
Stan dard 

Er ror

16.8  (6.4) 2.7 (1.1) 43.8  (22.9) 43.7  (22.2) 19.2 (7.8)
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2.  Method of di ag no sis

Among the meth ods re ported as be ing used to di ag nose EPM on the op era tion in the pre vi ous year,
clini cal signs were used most com monly (60.3 per cent), fol lowed by se rol ogy (47.1 per cent),
cere bro spi nal fluid (CSF) analy sis (31.7 per cent), and re sponse to treat ment (6.9 per cent).  Methods
reported in the “other” category included use of ra di og ra phy po ten tially to rule out other neu ro logic
diseases.  Post mor tem ex ami na tion has been con sid ered by many to be the most de fini tive method of
di ag nos ing EPM, how ever this method was used in less than 1 per cent of cases.  These cate go ries were
not mu tu ally ex clu sive and more than one method could have been used to di ag nose EPM in any given
horse.

NOTE: All in for ma tion was re ported by equine owners/op era tors and may not re flect vet eri nari ans’
opin ions or pref erred method of di ag no ses. 

a. Percent of resident horses with problems believed to be EPM diagnosed in the last year (March 1, 1997,
through February 28, 1998) by method of diagnosis:

Method of Di ag no sis*                 Per cent
Stan dard

Er ror

Clinical signs or symptoms 60.3  (22.8)

Response to treatment 6.9  (3.4)

Serology (blood test) 47.1  (21.4)

Spinal tap (CSF analysis) 31.7  (17.5)

Acupuncture 1.4  (0.9)

Necropsy 0.4  (0.3)

Other 3.0  (2.6)

Unknown 0.0  (0.0)

*These cate go ries were not mu tu ally ex clu sive and more
than one method could have been used to di ag nose EPM in
any given horse.
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3.  Clini cal signs

The most com mon clini cal signs re port edly seen among horses with EPM dur ing the last year were ataxia 
(90.8 per cent of cases), limb weak ness (86.0 per cent), lame ness (66.4 per cent), mus cle at ro phy (42.5
per cent), back sore ness (32.5 per cent ), be hav ior change (28.4 per cent), and head tilt (23 per cent). Signs
reported in the “other” category included gait abnormalities, weight loss, and other neuromuscular
prob lems, such as muscle twitching.  These cate go ries were not mu tu ally ex clu sive and a horse could
have ex hib ited more than one sign.   

a.  For resident horses with problems believed to be EPM diagnosed in the last year (March 1, 1997,
through February 28, 1998), percent of resident horses with the following clinical signs:

Clini cal Signs*                     Per cent
Stan dard

Er ror

Ataxia (wobbly, uncoordinated) 90.8  (4.7)

Head tilt 23.0  (14.6)

Head shaker 3.7  (2.2)

Seizures 2.3  (1.4)

Lameness 66.4  (16.6)

Limb weakness 86.0  (6.8)

Peripheral nerve deficit (droopy ear, muzzle
pulled to one side)

0.9  (0.6)

Muscle atrophy (wasting) 42.5  (20.1)

Roarer (makes roaring noise when exercised) 0.9  (0.6)

Drooling or inability to swallow 1.2  (0.6)

Behavior change 28.4  (17.2)

Sore back 32.5  (17.6)

Other 8.9  (4.7)

*These cate go ries were not mu tu ally ex clu sive and a horse could have ex hib ited
more than one sign.
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*These categories were not mutually exclusive and a horse could have exhibited more than one sign.



4.  Treat ment

Among horses with prob lems be lieved to be EPM dur ing the last year, 16.0 per cent re port edly re ceived
no treat ment, 78.8 per cent re ceived an an ti bi otic or para siti cide, and 69.2 per cent re ceived a die tary
sup ple ment (e.g., vi ta mins) to treat the EPM.  The most common treatments ad min is tered to horses with
EPM in the “other” category were anti-inflammatory medications including flunixin meglumine,
phenylbutazone, and di methylsulfoxide (DMSO). Treatment cate go ries were not mu tu ally ex clu sive and
a horse could have re ceived more than one type of treatment.

a. For resident horses with problems believed to be EPM in the last year (March 1, 1997, through February
28, 1998), percent of resident horses by treatment:

Treat ment*               Per cent
Stan dard

Er ror

Antibiotics or parasiticide 78.8  (14.7)

Acupuncture 2.8  (1.9)

Dietary supplement, such as folic acid or vitamin E 69.2  (16.2)

Other 9.0  (4.7)

None 16.0  (14.0)

*These cate go ries were not mu tu ally ex clu sive and a horse could have re ceived more
than one type of treatment.
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*These categories were not mutually exclusive and a horse could have received more than one type 
of treatment.



5.  Outcome

Among horses with prob lems be lieved to be EPM rec og nized dur ing the last year, the ma jor ity were
re ported to have re cov ered com pletely  (29.2 per cent) or to have im proved but not fully re cov ered (47.6
per cent).  Only 4.7 per cent of horses di ag nosed with EPM dur ing the pre vi ous year died or were
eutha natized, but 15.1 per cent were sold or given away be cause of this con di tion.  Of the 1.5 percent of
these EPM cases that reportedly had other outcomes, about one-half were reported to have died due to
other causes, such as colic, and the outcome was unknown for the other one-half because the horse was
sold or given away for reasons reportedly unrelated to EPM.

a. For resident horses with problems believed to be EPM in the last year (March 1, 1997, through February
28, 1998), percent of horses by outcome:

Outcome               Per cent
Stan dard

Er ror

Complete recovery 29.2  (17.2)

Improved but not fully recovered 47.6  (21.4)

Improved or complete recovery followed by relapse 0.8  (0.6)

No response after at least 3 months duration 1.0  (0.6)

No response, but case is less than 3 months duration 0.1  (0.1)

Died or euthanatized due to EPM 4.7  (2.9)

Sold or given away due to EPM 15.1  (13.8)

Other    1.5  (1.5)

Total 100.0
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 Other (1.5%).

  



For Sec tion D, own ers/op era tors were asked to pro vide detailed in for ma tion re gard ing the last case of EPM to
have de vel oped on the op era tion re gard less of when the on set of disease oc curred.  Information was requested
regarding this single last case as it was thought that recall would be most accurate for this horse, and it would be
less difficult than reporting detailed information regarding every EPM case that ever oc curred on the operation.

D.  De scrip tion of Last Cases of EPM

1.  Season of on set

On set of dis ease was most likely to oc cur in the sum mer and fall among the last cases of EPM (66.9
per cent).  This pat tern was also ob served in cases of EPM dur ing the pre vi ous year (Ta ble I.C.1.a).

a. For resident horses with problems believed to be EPM, percent of cases by time of onset:
Last EPM Case

Time Per cent Cases Stan dard Er ror

Spring (March - May) 18.0  (8.8)

Summer (June - August) 36.1  (13.7)

Fall (September - November) 30.8  (11.0)

Winter (December - February)   15.1  (7.1)

Total 100.0  

2.  Year of on set

Over one- half (56.0 per cent) of the EPM cases de scribed as the last case to oc cur on op era tions were
re ported to have oc curred within 2 years of the in ter view (1996 to spring 1998), and 94.6 per cent were
re ported to have oc curred since 1991.  Likely, these find ings were af fected by in creased aware ness and
in creased sur veil lance for EPM that oc curred af ter 1991 when di ag nos tic tests first be came avail able
com mer cially.  While a small number of last cases were re ported to have oc curred in 1998, it should be
noted that this find ing only re flects cases rec og nized be tween Janu ary 1, 1998, and the date of the Equine 
‘98 in ter view (held dur ing the pe riod April 20 through June 12, 1998).

a. For operations where any resident horses ever developed problems believed to be EPM, percent of
operations by year of onset for the last case believed to be EPM:

Year Per cent Operations Stan dard Er ror

1998* 1.9  (0.8)

1997 30.3  (11.9)

1996 23.8  (10.5)

1995 19.4  (8.4)

1994 0.5  (0.4)

1993 3.7  (3.3)

1992 15.0  (12.5)

1991 0.0  (0.0)

1990 5.1  (5.0)

1989 0.1  (0.1)

Before 1989     0.2 (0.2)

Total 100.0  

*As of Equine ‘98 interview (April 20 through June 12, 1998).
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3.  Method of di ag no sis

Among the methods reported by owners as being used to diagnose the last case of EPM recognized on
premises, presence of clinical signs was used most commonly (82.8 percent), followed by use of serology 
(55.7 percent), cerebrospinal fluid (CSF) analysis (37.4 percent), and response to treatment (35.8
percent).  This pat tern held true gen er ally  regardless of the time period when this case was recognized.
Re port edly clini cal signs were used to diagnose almost all (99.6 percent) last cases recognized from 1992 
through 1996 and were used less commonly in last cases recognized in 1997 and 1998.  Dif fer ences
should be interpreted with cau tion as standard error estimates were relatively large.  Methods reported in
the “other” category included use of ra di og ra phy, po ten tially to rule out other neu ro logic dis eases, and
sending horses to a veterinary hospital for unspecified diagnostic evalua tion. These categories were not
mutually exclusive and more than one method could have been used to diagnose EPM.

a. Percent of last cases of EPM by method of diagnosis and by year of onset (1992 - February 28, 1998):

Per cent of Last Cases by Year of Onset

1992- 1996 1997- 1998 All Last Cases*

Method of Diagnosis
Per cent
Cases

Stan dard
Er ror

Per cent
Cases

Stan dard 
Er ror

Per cent
Cases

Stan dard 
Er ror

Clinical signs or symptoms 99.6 (0.3) 62.4 (24.8) 82.8 (11.1)

Response to treatment 39.9 (15.8) 30.0 (18.5) 35.8 (11.6)

Serology (blood test) 63.2 (14.9) 48.6 (22.6) 55.7 (12.2)

Spinal tap (CSF analysis) 43.7 (16.1) 33.5 (18.9) 37.4 (11.6)

Acupuncture 5.1 (4.6) 2.3 (1.5) 3.8 (2.9)

Necropsy 0.6 (0.5) 0.7 (0.4) 0.6 (0.4)

Other 0.5 (0.5) 0.5 (0.4) 5.5 (5.0)

*Includes cases prior to 1992.
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4.  Treat ment

Among horses de scribed as the last case 
of EPM to oc cur on prem ises, 12.2 per cent
re ceived no treat ment, 83 per cent re ceived
an ti bi otic or para siti cide drugs, and 51.8
per cent re ceived a die tary sup ple ment, e.g.,
vi ta mins.  Horses rarely were treated us ing
acu punc ture, and other treat ments were 
ad min is tered re port edly to about 9 per cent 
of the cases.  The most com mon “other”
treat ment ad min is tered to horses with EPM
were anti- inflammatory medi ca tions in clud ing
flu nixin me glumine, phen yl bu ta zone, and
DMSO.  These treat ment cate go ries were not
mu tu ally ex clu sive and a horse could have
re ceived more than one treat ment. 

a.  Percent of last cases of EPM by treatments used and by year of onset (1992 - February 28, 1998):

Per cent of Last Cases by Year of Onset

1992- 1996 1997- 1998 All Last Cases*

Treat ments Used Per cent
Stan dard 

Er ror Per cent
Stan dard 

Er ror Per cent
Stan dard

Er ror

Antibiotics or parasiticide (I661) 91.2 (5.7) 78.2 (15.5) 83.0 (7.8)

Acupuncture (I663) 5.1 (4.7) 2.2 (1.5) 3.8 (2.9)

Dietary supplement, such as folic acid or vitamin E 48.2 (16.4) 70.4 (16.8) 51.8 (12.7)

Other 8.0 (5.7) 7.6 (4.4) 8.9 (4.2)

None 2.8 (1.4) 17.0 (14.9) 12.2 (6.9)

*Includes cases prior to 1992.

Among horses de scribed as the last case of EPM that were treated with an ti bi ot ics or a para siti cide
(ex clud ing horses re ported to have had no re sponse but du ra tion of ill ness was less than 3 months), the
av er age treat ment pe riod was 111.3 days over all, and 140.4 days in horses whose on set was be tween
1992 and 1996.  While horses whose dis ease signs were rec og nized in 1997 and 1998 on av er age were
treated for fewer days, this may be re flec tive of a shorter amount of time avail able be tween the ini tia tion
of treat ment and the dates of in ter views or an ac tual change in treat ment du ra tion.

b. For last cases of EPM treated with antibiotics or parasiticides (ex clud ing horses re ported to have had no
re sponse but duration of ill ness was less than 3 months), average duration in days of treatment by year of
onset:

Av er age Treat ment Du ra tion (Days) by Year of Onset

Prior to 1992 1992- 1996 1997- 1998 All Last Cases

Average
Stan dard

Er ror Average
Stan dard 

Er ror Average
Stan dard

Er ror Average
Stan dard 

Er ror

28.9  (12.5) 140.4 (36.0) 61.5 (26.1) 111.3 (26.9)
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5.  Out come

Over all, among horses de scribed as the last case of EPM oc cur ring on prem ises, own ers/op era tors
re ported that 39.7 per cent re cov ered com pletely and 37.4 per cent im proved but were not com pletely
re cov ered.  The dif fer ence in the per cent ages of re cov ery among cases that de vel oped in 1992 through
1996 and those that de vel oped in 1997 through 1998 is pos si bly at trib ut able to the shorter elapsed time
be tween the on set of dis ease and the dates of in ter views.  

Over all, 14.4 per cent of the last cases of EPM were sold or given away be cause of EPM, and 7.1 per cent
died or were eutha na tized be cause of EPM.  Of the 0.6 per cent of the last EPM cases that re port edly had
other out comes, about one- half were re ported to have died due to other causes, such as colic.  Out come
was un known for about half of the “other out come” cases be cause the horse was sold or given away for
rea sons re port edly un re lated to EPM.

a.  Percent of last cases of EPM by outcome of last case and year of onset (1992 through February 1998):

Per cent of Last Cases of EPM

1992- 1996 1997- 1998 All Last Cases*

Outcome Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror Per cent
Stan dard

Er ror

Complete recovery 49.5 (16.7) 29.0 (18.3) 39.7 (13.0)

Improved but not completely recovered 24.2 (13.8) 50.0 (22.4) 37.4 (12.5)

Improved or complete recovery followed 
by relapse

0.8 (0.8) 0.1 (0.1) 0.5 (0.5)

No response after at least 3 months 0.2 (0.2) 0.4 (0.2) 0.2 (0.1)

No response but disease was less than 3
months in duration

NA -- 0.6 (0.4) 0.1 (0.1)

Sold or given away due to EPM 15.0 (9.8) 16.1 (14.8) 14.4 (7.6)

Died or euthanatized due to EPM 9.6 (5.3) 3.3 (2.0) 7.1 (3.3)

Other outcome   0.7 (0.4)   0.5 (0.4)    0.6 (0.3)

Total 100.0 100.0 100.0

*Includes cases prior to 1992.
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6.  Lost use

Among horses described as the last case of EPM occurring on the operation that were reported to have
survived and were not lost to follow-up (i.e., those that re cov ered completely, improved but did not fully
recover, relapsed following improvement or re cov ered completely, or showed no response after at least 3
months of duration of disease), own ers/op era tors reported that about 10 percent had 0 days lost use.  

a.  Percent of horses described as the last case of EPM on operations that had 0 days of lost use reported
and that were reported to have recovered completely, improved but did not fully recover, relapsed following 
improvement or recovered completely, or showed no response after at least 3 months duration of the
disease:

Per cent Last Cases
with 0 Days of Lost Use Stan dard Error

9.9 (6.4)

Among those last cases of EPM with at least 1 day of lost use re ported, the me dian number of days of
lost use at trib uted to ill ness re lated to EPM was 150 days (range 2 to 725 days).  Twenty- five per cent of
these horses had fewer than 91 days of lost use, and 75 per cent of these horses had fewer than 241 days
of lost use.  “Days of lost use” were de fined as the number of days an af fected horse could not be used
for the pur pose it was in tended from the time dis ease was first iden ti fied. 

b.  Quartiles of reported days of lost use for last case of EPM on operations among those that had at least 1
day of lost use and had the following outcomes: recovered completely, improved but did not fully recover,
relapsed following improvement or complete recovery, or showed no response after at least 3 months
duration of the disease:

Quartiles Num ber Days

0 - 25% 2 - 90 days

26 - 50% 91 - 150 days

51 - 75% 151 - 240 days

76 - 100% 241 - 725 days
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Among horses de scribed as the last EPM cases that sur vived and had follow- up (i.e., those that 
re cov ered com pletely, im proved but did not fully re cover, re lapsed fol low ing im prove ment or com plete
re cov ery, or showed no re sponse af ter at least 3 months of du ra tion of dis ease), an av er age of 244 days of 
lost use was at trib uted to ill ness re lated to EPM.  This number is dif fer ent from the me dian (Ta ble
I.D.6.b) as the data were not nor mally dis trib uted.

c.  For last cases of EPM, average number of days of lost use for horses with the following outcomes:  
recovered completely, improved but did not fully recover, relapsed following improvement or complete
recovery, or showed no response after at least 3 months duration of the disease:

Av er age Lost Use
(in Days)

Stan dard
Er ror

244  (46)

For op era tions where at least one case of EPM had been iden ti fied at any point in the op era tions’ his tory,
the me dian number of years that horses were kept con tinu ously on the op era tion was 20.0 years
(av er age=18.5 years, SE=1.9 years).  There was no de tect able dif fer ence be tween op era tions where EPM
had been de tected pre vi ously and be tween those where EPM had not been de tected in the av er age
number of years horses were kept con tinu ously  on the op era tions (P = 0.94).

d.  For operations where at least one case of EPM had been identified in the operation’s history, quartiles
for the average number of years that horses were kept continuously on operations:

Quartiles Num ber Years

0 - 25% 1 - 12.5 years

26 - 50% 13 - 20 years

51 - 75% 21 - 30 years

76 - 100% 31 - 190 years

Among horses de scribed as the last case of EPM oc cur ring on prem ises that were re ported to have died or 
were eutha na tized be cause of EPM, an av er age of 9.2 years (3,345 days) of lost use was at trib uted to
ill ness re lated to EPM. The horse’s age at death was sub tracted from an as sumed av er age life span of 20
years for cal cu la tion of lost use due to death from EPM.

e.  For last cases that died due to EPM, average number of years of lost use:

Av er age   
Lost Use
(in Years)

Stan dard Er ror
(in Years)

9.2  (1.5)
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7.  Cost of di ag nos tic test ing, vet eri nary care, and medi ca tion

For horses de scribed as the last case of EPM oc cur ring on op era tions and whose dis ease was greater than
3 months in du ra tion at the time of the Equine ‘98 in ter view (April 20 through June 12, 1998), the
me dian cost of di ag nos tic test ing, vet eri nary care, and medi ca tions, through the day of the Equine ‘98
in ter view was $1,000 (range 0 to $10,000).  Own ers/op era tors re ported that less than $301 was spent on
25 per cent of these horses and less than $1,501 was spent on 75 per cent of horses.  Less than 1 per cent of 
own ers/op era tors re ported spend ing 0 dol lars.

a.  Quartiles for the reported cost of diagnostic testing, veterinary care, and medications for the last case of
EPM on operations, excluding cases less than 3 months duration:

Quartiles Cost (Dol lars)

0 - 25% $0 - $300

26 - 50% $301 - $1,000

51 - 75% $1,001 - $1,500

76 - 100% $1,501 - $10,000
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Over all, among horses de scribed as the last case of EPM oc cur ring on prem ises where dis ease was
greater than 3 months in du ra tion at the time of the in ter views, the geo met ric mean for re ported costs of
di ag nos tic test ing, vet eri nary care, and medi ca tions through the day of the Equine ‘98 in ter view was
$790.  This amount varied by re gion (P <0.01).  The South ern re gion had the high est costs fol lowed by
the Cen tral re gion.  The North east and West ern re gions had simi larly low costs (P <0.11).  How ever,
there was a great deal of vari abil ity in re ported costs ($0 to $10,000).  This varia tion proba bly re flects
dif fer ences in treat ments, al though it may also re flect ac cu racy of owner/op era tor rec ol lec tions and the
time lapsed from the dis ease event to the in ter view.  Geo met ric means are re ported be cause the data were 
not nor mally dis trib uted.

b.  Geometric mean cost of diagnostic testing, veterinary care, and medications for the last case of EPM
through the day of the Equine ‘98 interview, excluding cases less than 3 months duration by region:

Region
Geometric Mean

Cost (Dol lars)

95% Con fi dence Interval

Lower Limit Up per Limit

Southern $1,982 $1,638 $2,400

Northeast $355 $324 $389

Western $277 $207 $369

Central $1,000 $953 $1,049

All operations $790 $741 $843
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*Through the day of Equine '98 interview (April 20-June 12, 1998).  Excludes cases of less than 3 months duration.
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Sec tion II: Dis cus sion

A.  Qual ity of In for ma tion

For the pur poses of this study, resi dent horses were as sumed to have had EPM dur ing speci fied time pe ri -
ods if own ers/op era tors be lieved they de vel oped clini cal prob lems that were as so ci ated with EPM. 
Test ing for S. neu rona in fec tion was not suf fi cient for horses to have been con sid ered a case.  The
owner/op era tor had to be con fi dent that horses had clini cal EPM, but this di ag no sis did not have to be
con firmed by a vet eri nar ian.  How ever, 95 per cent of cases rec og nized dur ing the pre vi ous year were di -
ag nosed re port edly by vet eri nari ans, which sug gests that data col lected re gard ing clini cal in for ma tion was 
gen er ally re flec tive of vet eri nari ans’ di ag no ses. 

Case defi ni tion and meth ods used to di ag nose dis ease de serve criti cal con sid era tion be fore in ter pret ing re -
sults of this study, as for any study.  While other in ves ti ga tive meth ods may have been em ployed to
iden tify EPM, this study pro vides the best in for ma tion avail able to date re gard ing the oc cur rence of this
dis ease in the na tion as a whole.  Cur rently there is tre men dous con tro versy re gard ing the re li abil ity of
meth ods used to di ag nose EPM, and there is no di ag nos tic pro to col avail able that will yield uni formly re -
li able de fini tive di ag no sis when ap plied to all horses be lieved to have EPM.  This lack of uni ver sally
ac cepted meth ods for mak ing a de fini tive di ag no sis makes it dif fi cult to study EPM. Po ten tially, the more
sub jec tive, judg ment based, case defi ni tion used in this study was as use ful as other cri te ria based defi ni -
tions that might have been em ployed.  It would be ex tremely dif fi cult and ex pen sive, if not im pos si ble, to
per form a study of this mag ni tude us ing more rig or ous at tempts to de fini tively di ag nose EPM (for ex am -
ple, neu ro logic ex ami na tion by study per son nel on a na tional ba sis).

This study con cen trated on gath er ing in for ma tion re gard ing horses di ag nosed with EPM dur ing the year
prior to in ter views, and re gard ing the last case of EPM rec og nized on the op era tion.  It was thought that
suf fi cient de tail would be re mem bered from these oc cur rences of dis ease to mini mize the prob lem of re -
call bias.  This as sump tion is sup ported by the ob ser va tion that 56 per cent of last cases were  rec og nized
within 2 years of the in ter view (1996 or later), and 94 per cent were rec og nized within 6 years of the in ter -
view (1992 or later).  An other po ten tial prob lem is the dra matic change in the un der stand ing and
sur veil lance for EPM dur ing the past 15 years.   How ever, data col lected re gard ing those cases rec og nized 
in the last year should not have been af fected as much by the rapid changes in sur veil lance, di ag nos tic,
and treat ment mo dali ties.  

Data gath ered dur ing VMO or AHT in ter views also sug gested that good qual ity in for ma tion was ob tained 
from this study.  The per son nel con duct ing in ter views re ported that there was lit tle or no ques tion about
the va lid ity of re sponses from 82 per cent of op era tors in ter viewed, and an ad di tional 17 per cent of op era -
tors had ade quate knowl edge of the op era tion and their re sponses were based upon their best and ear nest
rec ol lec tions even though writ ten rec ords were not con sulted dur ing in ter views.  

B.  Oc cur rence of EPM in the United States

In for ma tion gath ered dur ing this study sug gest that ap proxi mately 14 new oc cur rences of EPM were rec -
og nized dur ing the year prior to in ter views per 10,000 horses (14 cases per 10,000 horses per year SE=6
cases).  These new oc cur rences could in clude dis ease rec og nized in horses that ap par ently had  re cov ered
from prior EPM epi sodes, but could not in clude dis ease oc cur ring in horses di ag nosed pre vi ously with
EPM un less, ac cord ing to owner/op era tors, they had recovered com pletely.  Many ex perts be lieve that
this dis ease has been rec og nized with in creas ing fre quency in the re cent past, but this may be at trib ut able
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to in creased aware ness and sur veil lance rather than in creas ing in ci dence.  This study pro vides  the first
na tion wide es ti mate of the in ci dence of EPM, so it is not pos si ble to draw ob jec tive con clu sions about
trends in dis ease in ci dence.  The method of clas si fy ing ani mals’ dis ease status may have af fected the ac -
cu racy of this in ci dence es ti mate.  Con sid er ing the pub lic ity and at ten tion that this dis ease has re ceived in 
the re cent past, and the case defi ni tion that was em ployed for the study, it seems that dis ease in ci dence
was more likely to have been over es ti mated to some de gree, rather than un der es ti mated.

Over all, 1.0 per cent of op era tions re ported the oc cur rence of EPM dur ing the pre vi ous year, and 3.3 per -
cent re ported rec og niz ing at least one case at any point dur ing the op era tion’s his tory, but there were
de tect able dif fer ences over time among re gions.  Op era tions in the North east re gion were more likely to
rec og nize the oc cur rence of EPM at any time dur ing their his tory, but op era tions in the Cen tral re gion
were more likely to rec og nize this dis ease dur ing the past year.  Lit tle is known about the natu ral his tory
of this dis ease and these ap par ent dif fer ences are pos si bly at trib ut able to chang ing aware ness and de tec -
tion ef forts rather than true varia tion in dis ease oc cur rence.  In ter est ingly, there were not de tect able
dif fer ences in the re gional es ti mates of EPM in ci dence among in di vid ual horses dur ing the pre vi ous year.
This find ing sug gests that the dif fer ences in the pro por tion of op era tions which rec og nized  EPM are re -
lated to dif fer ences in num bers of horses at risk of de vel op ing EPM (Ta ble I.B.3.a).  Se ro preva lence
in for ma tion is avail able cur rently only from a lim ited number of states and it is there fore not pos si ble to
com pare re ported fre quency of dis ease oc cur rence with rates of ex po sure to S. neu rona.   

Re sults of this study sug gest that vet eri nari ans play a ma jor role in the di ag no sis of EPM (Ta ble I.B.1).
While evalua tion of clini cal signs or symp toms was the most com mon di ag nos tic method re ported, over -
all, own ers/op era tors re ported that there was a de crease over time in the use of clini cal signs;  clini cal
signs were only used in the di ag no sis of about 60 per cent of cases re ported to have de vel oped in the pre -
vi ous year.  It must be con sid ered, how ever, that this in for ma tion was re ported by own ers/op era tors and
not vet eri nari ans.  Also, ser ol ogy and spi nal fluid analy sis were used com monly to di ag nose EPM.  It has
been re ported pre vi ously that meth ods that can be used to make a de fini tive di ag no sis of this dis ease in -
clude post mor tem his to logi cal ex ami na tion of cen tral nerv ous sys tem (CNS) tis sues (pref era bly in clud ing 
im mu no di ag nos tic meth ods), West ern blot evalua tion of cere bral spi nal fluid (CSF), iden ti fi ca tion of spe -
cific neu ro logic ab nor mali ties, and re sponse to treat ment.4-6  Se rol ogy can be used to docu ment ex po sure
to para sites thought to cause EPM, but horses ap par ently can be ex posed fre quently with out ever de vel op -
ing clini cal dis ease.  While ne cropsy with sub se quent post mor tem his to logic ex ami na tion of neu ro logic
tis sues by quali fied pa tholo gists is proba bly the most spe cific method of di ag no sis of EPM, this method is 
ex pen sive and may lack sen si tiv ity.  These draw backs may be re flected in the use of post mor tem evalua -
tion in the di ag no sis of less than 1 per cent of horses re ported to have de vel oped EPM, even though 4.7
per cent of cases rec og nized dur ing the pre vi ous year and 7.1 per cent of the last cases rec og nized died or
were eutha na tized be cause of EPM (Ta bles I.C.2.a, I.C.5.a, I.D.3.a, I.D.5.a). 

The ma jor ity of horses with EPM re port edly were treated with an ti mi cro bial or para siti cide drugs, and
with die tary sup ple ments (Ta bles I.C.4.a, I.D.4.a).  It is worth not ing that many horses with EPM were re -
port edly not treated (16.0 per cent of horses di ag nosed dur ing the pre vi ous year, and 12.2 per cent of the
last cases of EPM).  Un for tu nately, the study de sign did not al low de ter mi na tion of the out come of these
par ticu lar cases with con fi dence.  The use of acu punc ture to di ag nose or treat EPM has been ad vo cated by 
some vet eri nari ans and horse owners, but the va lid ity and ef fi cacy of this prac tice has been ques tioned.44

Find ings from this study sug gest that acu punc ture is not used com monly for ei ther pur pose in the U.S (Ta -
bles I.C.2.a, I.C.4.a, I.D.3.a, I.D.4.a).   
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Ad min istra tion of an ti fo late medi ca tions in clud ing sul fadi azine and py ra meth amine was the first rec om -
mended ther apy for EPM.  This treat ment was based originally on his to logic re sem blance of S. neu rona to 
Toxo plasma gon dii, and ex trapo la tion from rec om mended treat ment of toxo plas mo sis in hu mans.46,47

These medi ca tions are still used com monly to treat horses with EPM, but there have been fre quent
changes in rec om mended dos ages, treat ment fre quency, treat ment du ra tion, prod uct for mu la tions, and an -
cil lary treatments.  In ad di tion, treat ment with tri azine de riva tive para siti cides has be come in creas ingly
com mon since about 1997.34-42  These changes in rec om mended treat ment have been based em piri cally,
and un for tu nately there are no pub lished stud ies evalu at ing dif fer ences in treat ment ef fi cacy.  Among
horses re ported to have de vel oped EPM dur ing the pre vi ous year, 29.2 per cent were re ported to have
com pletely re cov ered by the time of the in ter view, and 47.6 per cent were im proved but not com pletely re -
cov ered.  In com pari son, among last cases of EPM that developed be tween 1992 and 1996, about 50
per cent were re ported to have com plete re covery and 24.2 per cent were im proved but not com pletely re -
cov ered.  Ap par ent dif fer ences in re cov ery rates iden ti fied dur ing this study should be in ter preted with
cau tion as stan dard er rors as so ci ated with these es ti mates were rela tively large (Ta bles I.C.5.a, I.D.5.a).
The mag ni tude of varia tion in these es ti mates likely was in flu enced by dif fer ences in the amount of time
that elapsed be tween rec og ni tion of dis ease and in ter views which took place be tween April 20 and June
12, 1998.  Es ti mates of re cov ery iden ti fied in this study are simi lar to pre vi ously re ported es ti mates that
clini cal im prove ment can be ex pected in about 70 per cent of treated horses.4-6,47,48  It should also be
noted that the way in which this ques tion was worded may have af fected this re sult; horses that im proved, 
but were sold or eutha na tized be cause of EPM would likely not be listed in the cate go ries de not ing im -
prove ment in horses’ con di tions.  Only about 1 per cent of cases that de vel oped dur ing the pre vi ous year
were de scribed as show ing no im prove ment af ter at least 3 months du ra tion, as were fewer than 1 per cent
of all last cases, but this also ex cludes horses that died or were given away due to EPM.  

It has been re ported that some horses with EPM de velop a wors en ing of clini cal dis ease af ter ces sa tion of
treatment (a re lapse). These re la pses have been sug gested to oc cur in 5 to 28 per cent of cases.5,37,48,49

While clini cal im prove ment or com plete re cov ery fol lowed by re lapse in dis ease signs was re ported to
have oc curred in less than 1 per cent of EPM cases re gard less of the year that dis ease was rec og nized, this
may be in flu enced by the man ner in which cases were de fined for this study.  For the pur poses of this
study, horses were con sid ered to have a new oc cur rence of dis ease if they were clini cally nor mal prior to
its on set, even if they were thought to have pre vi ously had EPM.    

The du ra tion of drug use re quired to treat horses ef fec tively with EPM is a con tro ver sial is sue, and clini -
cal tri als that would pro vide ob jec tive in for ma tion to clar ify this is sue have, to date, not been pub lished.
Some authors have pro posed that horses should be treated for 60- 90 days be yond when an ti body to S.
neu rona is un de tect able in the CSF, or 2 to 4 weeks past reso lu tion or sta bi li za tion of clini cal ab nor mali -
ties.50,51  In this study, among the last cases of EPM rec og nized on op era tions, cases that de vel oped
be tween 1992 and 1996 were treated for an av er age of 140.4 days while those rec og nized dur ing the pre -
vi ous year (1997 to 1998) were treated for an av er age of 61.5 days.  The dif fer ence be tween these
av er ages may be  af fected by dif fer ences in drugs used and rec om mended treat ment pro to cols.  It is also
pos si ble that these es ti mated dif fer ences could have been af fected by dif fer ences in the elapsed time be -
tween rec og ni tion and the in ter view dates for the two pe ri ods.  In com pari son, a re cent epi de mi ol ogic
study per formed at The Ohio State Vet eri nary Teach ing Hos pi tal found that the av er age du ra tion of treat -
ment for horses that im proved clini cally was 128 ± 123 days, com pared to 76 ± 86 days for those that did
not im prove.15   

There is only one other re port study ing the pro por tion of horses that die or are eutha na tized be cause of
EPM that has been pub lished pre vi ously.33  In this study, about 10 per cent of last cases of EPM that de -
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vel oped be tween 1992 and 1996 died or were eutha na tized be cause of EPM in the gen eral horse
popu la tion com pared to 45 per cent case fa tal ity re ported in that pre vi ous study per formed at a re fer ral
center.33  Among cases that de vel oped dur ing the pre vi ous year almost 5 per cent were re ported to have
died or were eutha na tized, but this dif fer ence was proba bly af fected by dif fer ences in elapsed time be -
tween the on set of dis ease and the in ter views for this study.  About 15 per cent of af fected horses 
re port edly were sold or given away be cause of EPM.  How ever, it can not be de ter mined from this study
whether horses’ con di tions im proved or sta bi lized prior to sale or if buy ers had been made aware of
horses’ dis ease his tory. 

While EPM does not ap par ently oc cur with great fre quency in the U.S. horse popu la tion (ap proxi mately
14 new cases per 10,000 horses per year), the con se quences of dis ease are sub stan tial and costly.  Only
49.6 per cent (SE=16.7%) of owner- reported EPM cases that de vel oped be tween 1992- 1996 were re ported 
to have re cov ered com pletely.  For horses de scribed as the last case of EPM (most re cent) and whose dis -
ease was greater than 3 months in du ra tion at the time of the Equine ‘98 in ter view, the me dian cost of
di ag nos tic test ing, vet eri nary care, and medi ca tions, through the day of the Equine ‘98 in ter view was
$1,000 per case (range 0 to $10,000).  Ap proxi mately 10 per cent of the last EPM case re ported to have no 
lost use.  Among EPM cases at l east 1 day of lost use and which were re ported to have sur vived and not
lost to follow- up, the me dian number of days of lost use at trib uted to EPM was 150 days (range 2 to 725
days; Ta ble I.D.6b).  Among last cases that died or were eutha na tized be cause of EPM, an av er age of 9.2
years (SE=1.5 years) of lost use was at trib uted to ill ness re lated to EPM (as sum ing av er age life span of 20 
years).  Us ing in for ma tion col lected dur ing the Equine ‘98 study, econo mists from the USDA have es ti -
mated that the av er age cost to the equine in dus try in the U.S. be cause of EPM is $27 mil lion an nu ally. 52

This to tal in cludes es ti mates for costs re lated to di ag no sis, treat ment, main te nance of horse while they are 
un able to be used for their in tended pur pose, lost use at trib ut able to death, and the value of horses that die 
or are eutha na tized.  This es ti mate does not ac count for op por tu nity losses be cause af fected horses are un -
able to at tain their ul ti mate per form ance po ten tial.  These costs are sub stan tial but are much lower than
na tional es ti mates of an nual eco nomic impact as so ci ated with colic in horses and far less than the losses
to the equine in dus try that can be at trib uted to lame ness.52
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Ap pen dix I: Sam ple Pro file

A.  Responding Operations (April 20 through June 12, 1998)

1.  Type of op era tion

Pri mary Func tion of Op era tion Re spond ing Op era tions

Boarding/Training facility 381

Breeding farm 199

Farm/Ranch 219

Residence with equids for
personal use

228

Other    151

Total 1,178

2.  Re gion

Re gion Re spond ing Op era tions

Southern 435

Northeast 155

Western 323

Central    265

Total 1,178

3.  Horses on hand Janu ary 1, 1998

Num ber Re spond ing Op era tions

3 - 5* 273

6 - 19 449

20 or more    456

Total 1,178

*Three premises with two horses on hand on January 1,
1998, completed this portion of the study.
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Ap pen dix II: U.S. Equine Popu la tions

Re gion State

Cen sus: Num ber 
Horses and Po nies1 on Farms 

 (Thou sand Head)

Cen sus: Num ber Farms Re port ing
Horses and Po nies1 

(Thou sand Farms)

NASS: Num ber 
Equine2 - All Lo -

ca tions
(Thou sand Head)

1992 1997 1992 1997 Janu ary 1, 1998

Central Illinois 46.1 51.7 7.3 7.6 99.0
Indiana 48.1 58.6 8.4 9.2 140.0
Kansas 42.9 52.8 9.7 10.6 104.0
Michigan 54.0 66.2 7.8 9.1 130.0
Minnesota 43.1 55.9 7.7 8.8 155.0
Missouri 64.6 85.7 14.2 15.9 140.0
Wisconsin   43.6   52.4    8.1   8.8 115.0
   Total 342.4 423.3 63.2 70.0 883.0

Northeast New Jersey 23.9 22.6 2.5 2.3 45.0
New York 43.3 47.8 6.4 6.5 157.0
Ohio 72.0 76.2 10.9 11.7 155.0
Pennsylvania   58.0   65.1   9.2   9.9 165.0
    Total 197.2 211.7 29.0 30.4 522.0

Southern Alabama 29.7 42.5 5.7 7.4 130.0
Florida 52.0 54.9 6.7 6.8 170.0
Georgia 31.1 35.3 5.6 5.9 69.0
Kentucky 78.1 95.9 12.4 13.4 150.0
Louisiana 28.0 30.1 5.1 5.3 65.0
Maryland 24.3 22.5 2.8 2.6 45.0
Oklahoma 70.0 93.7 14.9 18.4 165.0
Tennessee 61.1 89.0 12.4 15.3 185.0
Texas 209.1 242.0 38.5 44.2 595.0
Virginia   44.0   50.3    7.1    7.5    145.0
    Total 627.4 756.2 111.2 126.8 1,719.0

Western California 124.9 113.1 15.0 13.0 235.0
Colorado 69.4 81.7 9.9 11.2 140.0
Montana 56.4 71.2 8.2 10.2 130.0
New Mexico 41.4 38.8 5.7 5.9 64.0
Oregon 51.9 68.3 9.2 10.7 120.0
Washington 51.1 58.8 7.9 8.1 155.0
Wyoming   40.7   50.6   4.5   5.3   61.0
    Total 435.8 482.5 60.4 64.4 905.0

Total (28 states)
1,602.8

(78.2% of US)
1,873.7

(77.2% of US)
263.8

(78.0% of US)
291.6

(77.7% of US)
4,029.0

(76.7% of US)
Total U.S. (50 states) 2,049.5 2,427.3 338.3 375.2 5,250.4
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1 Horses and ponies and farms reporting horses and ponies. Source: Census of Agriculture 1992 and 1997.

2 Equine includes horses, ponies, mules, burros, and donkeys.  Equine located on farms totaled 3.20 million head and 2.05 million head
were located on non-farm places.  Source:  National Agricultural Statistics Service (NASS), March 2, 1999.
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Com pleted and Ex pected Equine ‘98 Study
Out puts and Re lated Study Ob jec tives

1.  Pro vide base line in for ma tion on equine health.

• Part I: Baseline Reference of 1998 Equine Health and Management, August 1998

• Part II: Baseline Reference of 1998 Equine Health and Management, September 1998

• Equine morbidity and mortality (info sheet), September 1998

2.  Es ti mate uses of equine health- related man age ment prac tices.

• Part II: Baseline Reference of 1998 Equine Health and Management, September 1998

• Part III: Management and Health of Horses in the U.S., 1998, January 1999

• Part IV: Reference of Health Management for Horses and Highlighted Diseases, 1998, May 1999

• Sources of information/use of veterinarian (info sheet), August 1998

• Biosecurity practices on U.S. equine facilities (info sheet), August 1998

• Information sources and use of veterinarians for equine health care, August 1998

• Unique identification methods for U.S. equids (info sheet), May 1999

• Equine management practices (info sheet), January 1999

• Transportation of U.S. equids (info sheet), January 1999

3.  De ter mine type and use of ani mals in the U.S. equine popu la tion by type of op era tion.

• Part I: Baseline Reference of 1998 Equine Health and Management, August 1998

• Composition of the U.S. equine population (info sheet), August 1998

4.  Meas ure the preva lence of spe cific in fec tious agents or fre quency of an ti bod ies to spe cific in fec tious agents.

• Salmonella and the U.S. horse population (info sheet), May 2001

• Internal parasites: strongyles and ascarids (info sheets), April 2000

5.  Gather data re lated to spe cific health prob lems.

• Testing for equine infectious anemia (EIA) in the U.S. (info sheet), September 1998

• Equine Vi ral Ar teri tis (EVA) and the U.S. Horse Industry (interpretive report), April 2000

• Lameness and Laminitis in U.S. Horses (interpretive report), April 2000

• Equine Protozoal Myeloencephalitis (EPM) in the U.S.,  (interpretive report), May 2001

• Mortality (info sheet), 1997-1998, May 2001

• Colic (info sheet), expected summer 2001

• Respiratory disease (info sheet), expected summer 2001

• Na tional Eco nomic Cost of Lame ness, Colic and EPM (info sheet), ex pected sum mer 2001

6.  Feed prob lems.

• Endophytes in U.S. horse pastures (info sheet), April 2000

• Fumonisin B1 mycotoxins in horse grain/concentrate on U.S. horse operations (info sheet), April 2000
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